Useful properties of zirconium such as the ability to increase corrosion resistance and mechanical strength of alloys at low and elevated temperatures have made its determination important in special steels. Also its transparency to thermal neutrons has made zirconium a good construction material in nuclear reactors. 1, 2 Molybdenum is used in high-speed tools, as a catalyst in a variety of petrochemical processes and as an electrode material 3 on the other hand these two elements are found together in many rocks (such as Mo ore, Cassiterite, Anhydrite, Basalt, etc.). Therefore, it is necessary to determine them simultaneously.
Introduction
Useful properties of zirconium such as the ability to increase corrosion resistance and mechanical strength of alloys at low and elevated temperatures have made its determination important in special steels. Also its transparency to thermal neutrons has made zirconium a good construction material in nuclear reactors. 1, 2 Molybdenum is used in high-speed tools, as a catalyst in a variety of petrochemical processes and as an electrode material 3 on the other hand these two elements are found together in many rocks (such as Mo ore, Cassiterite, Anhydrite, Basalt, etc.). Therefore, it is necessary to determine them simultaneously.
The spectrophotometric determination of zirconium is often based on the formation of the binary or ternary zirconiumAlizarin Red S complexes with measurements at 520 -560 nm. Some of these studies were made under acidic conditions, 4 which in these cases were suffering from poor sensitivity. The others worked in alkaline media, which under these conditions poor selectivity were observed. 5 In some studies enhanced sensitivity and selectivity of micellar systems [6] [7] [8] or organic solvents in extractions have been used. 9 In the present work we proposed a simple, low-cost, sensitive and selective procedure by using of a very common and available reagent, Alizarin Red S, without using any harmful organic solvent for the simultaneous determination of Zr and Mo based on first-derivative spectroscopy 10-12 using zerocrossing method.
Experimental

Reagents
All of the chemicals used were of analytical reagent grade. Triply distilled water was used throughout. Stock Mo and Zr solutions (1000 mg µl -1 ) were prepared from fixed BDH spectrophotometric solutions. An Alizarin Red S (BDH) stock solution (500 µg ml -1 ) was prepared and filtered. 1000 µg ml -1 solutions of the studied interfering ions were prepared from their appropriate salts (Merck). A buffer of pH 2.3 was prepared by using potassium hydrogen phetalate (Fluka) and hydrochloric acid (Fluka) at an appropriate concentration. 13 
Apparatus
UV-visible absorbance spectra were recorded on a Shimadzu 3100 spectrophotometer which was equipped with a 0.1 cm path-length quartz cell. The slit width was set at 2.0 nm and a fast scan speed was used. The spectra were recorded between 300 and 600 nm at 0.2 nm intervals. The derivative wavelength difference was 5 nm, and the derivative spectrum was smoothed by the Savitsky-Golay method. 14 Measurements of the pH were made with JENWAY3030 pH meter using a combined glass electrode.
General procedure
A 5-ml volume of a buffer solution, 3.5 ml of a stock Alizarin Red S solution and an appropriate volume of Zr or Mo were added to a 10 ml volumetric flask and made up to the mark with triply distilled water, the solution was left for five min and then the absorbances were measured. The first-order derivative of these spectra were recorded over the 320 -590 nm wavelength range, and the amplitudes were measured at 490.5 nm and 446.0 nm for Zr and Mo, respectively. Figure 1 shows the zero-order spectra of (a) 12 µg ml -1 of Zr and (b) 10 µg ml -1 of Mo in the wavelength range 300 -600 nm. As this figure shows, there is a clear overlapping of the two spectra. This prevents a simultaneous determination of the two ions by direct UV-vis absorbance measurements. To overcome this problem a suitable technique is derivative spectrophotometry with the zero-crossing method which is the most common procedure for preparing analytical calibration graphs. Selected measurments are those which exhibit the best linear response, give a zero or near-zero intercept on the ordinate of the calibration graphs, and that are least affected by the concentration of any other ions. Figure 2 shows that the zero-crossing wavelengths of Zr and Mo complexes are at 490.5 and 446 nm, respectively. The derivatization of the spectra reveals an improvement in the resolution of the spectra. The result of this derivatization (first-derivative) features which can be used for the simultaneous determination of Zr and Mo without any need for further derivatization (second-derivative) proceses.
Results and Discussion
Spectrophotometric measurements
Optimization of the experimental condition
For finding the optimum conditions, influence of the pH values on the spectrum of each complex at a constant concentration of each ion was studied. The formed complexes with Zr and Mo were affected differently with the pH. In the case of Zr the absorbance increased with decreasing pH (Zrcomplex become more stable at these pH values), whereas MoAlizarin complex was not stable at very low pH values (Fig. 3 ). For these reasons pH = 2.3 was chosen as the optimum pH for this work.
The effect of the concentration of Alizarin Red S was also investigated.
As the results show (Fig. 4) when the concentration of Alizarin Red S is passed beyond a limited concentration the formation of a new complex would be possible, which would cause a reduction in the absorbance. We therefore decided to choose the optimum concentration as 170 µg ml -1 of Alizarin Red S. The stabilities of the formed complexes were examined. The absorbance of the formed complexes remined constant for more than 20 min which showed that these complexes are stable and suitable for quantitative measurments under the optimum conditions.
Selection of the optimum instrumental condition
The most common instrumental parameters which usually affect the shape of the derivative spectra are the range over which the derivative is averaged (the value of ∆λ), the scan speed and the slit width. The best results were obtained with ∆λ = 5 nm, a slit width of 2 nm and a scan speed of 145 nm/min in the present study.
Statistical analysis of results
Calibration graphs were obtained by plotting the firstderivative values versus the respective analyte amounts (in the range of 0.5 -20 µg ml -1 for Zr and 0.5 -13 µg ml -1 for Mo). Three replicates of 4 µg ml -1 of Mo and 10 µg ml -1 of Zr gave mean peak amplitude of 0.124 and 0.271 with relative standard deviations of 1.59% and 1.35%, respectively. To check the mutual independence of the analytical signals of Zr and Mo the following processes were performed. Three calibration graphs were constructed from the first-derivative signals for standards containing Zr and Mo in the presence and absence of each other. The slopes, intercepts and correlation coefficients of these calibration graphs are given in Table 1 . As this table shows by applying the zero-crossing method there is no systematic error in these systems.
On the other hand, this shows the independence of the analytical signals of Zr and Mo. In addition the high value for the correlation coefficient of the 1128 ANALYTICAL SCIENCES OCTOBER 2002, VOL. 18 Fig. 1 Absorption (zero order) spectra of (a) 12 µg ml -1 of Zr and (b) 10 µg ml -1 of Mo with 170 µg ml -1 Alizarin Red S at pH = 2.3 (absorption spectra were measured against reagent blank). regression equation and the closeness of the intercept to zero show that the calibration curves are linear and obey Beer's law. Synthetic samples containing different concentration ratios of Zr and Mo were prepared to check the validity of the proposed method (Table 2) .
Interference study
The effect of interfering ions at different concentrations on the absorbance of a solution mixture containing 1.00 µg ml -1 Zr and Mo was studied. An ion was considered as interference when its presence produced a variation in the absorbance of a sample (at considered wavelengths) greater than 3%. The results indicate that (Table 3) Hg 2+ and W 6+ could be tolerated at concentrations 100-times greater than Zr and Mo and Fe 3+ could be masked by sodium dithionite. Although the system could not tolerate Fe 3+ even in 1:1 concentration, with the addition of sodium dithionite an insoluble complex was made and even at concentrations 100-times greater than Zr it could be tolerated.
Application of the method
The proposed method was successfully applied to the determination of Zr and Mo. Several spiked samples were prepared by adding aliquots (a few micro liters) of Zr and Mo solution to river and tap water, and a synthetic mixture of Zr and Mo ( The content of synthetic sample were Zr 4+ = 5.00 µg ml -1 , Mo 6+ = 2.00 µg ml -1 , Cu 2+ = 5.00 µg ml -1 , Zn 2+ = 4.00 µg ml -1 , Ti 4+ = 10.00 µg ml -1 and Ni 2+ = 7.00 µg ml -1
) was prepared. The effects of the matrix and interfering ions were investigated. The results show that the method has the good selectivity and also applicable for routine measurements.
Conclusion
A new method was used for some synthetic samples with different ratios of Zr and Mo. This system was also applied in various matrixes and the results showed that the suggested method could be applied for analytical purposes. The proposed method offers good selectivity for the determination of Zr and Mo in a variety of metal ions. .
